Introduction
The hypothesis of purchasing power parity (PPP) has been the focus of much empirical work. Simply stated, PPP says that the price of a market basket of (traded) goods is the same everywhere in terms of a common currency. The concept is important
because theories in open economy macroeconomics imply PPP as a long run equilibrium condition. A partial list of techniques used in such empirical work includes single equation unit root tests, cointegration studies, and panel unit root tests. Some of these methodologies have been adapted for use as nonlinear procedures. Underlying the PPP hypothesis is the law of one price (LOOP), which indicates that the price of a (traded) good is the same in all locations in terms of a common currency. Rather than focus directly on PPP, numerous studies have examined the LOOP with the idea that support for the law of one price suggests support for PPP. Sarno and Taylor (2002) provide a thorough review of the PPP and LOOP literature.
The purpose of this paper is to compare the results from standard, single equation cointegration tests of purchasing power parity with those from an alternative approach recently developed by Im, Lee, and Enders (2006) , henceforth ILE. Tests are carried out using the data set on nominal exchange rates and price levels containing 100+ annual observations for twenty countries constructed by Taylor (2002) and updated to 2007. 1 Applying the Elliot, Rothenberg, and Stock (ERS, 1996) unit root test to transformed (demeaned or detrended) real exchange rate data, Taylor finds support for PPP with respect to the US dollar in eighteen of nineteen series. Only data for Japan fail to indicate PPP for either transformed series. When purchasing power parity is tested on real exchange rates with respect to a world market basket, Taylor finds evidence in favor of the hypothesis using demeaned or detrended data in nineteen of the twenty 1 A list of countries and periods of coverage are provided in Appendix A. Data for Argentina are only available to 2006. The Taylor data also include information for three additional countries (Chile, Greece, and New Zealand) for shorter periods of coverage and not reported in Taylor (2002) . Data for these three countries is included in this study.
series. Data for Canada fail to reveal any support for PPP. Lopez, Murray, and Papell (2005) argue that Taylor's strong affirmation of PPP can be attributed to the selection of suboptimal lag length in his unit root tests. Employing optimal lag length selection criteria, they conclude that the data support PPP with respect to the US in just nine of sixteen countries. 2 Instead of relying on unit root tests, Wallace and Shelley (2006) apply the Fisher-Seater test with bootstrapped errors to the Taylor data and conclude that PPP holds for at least twelve of nineteen countries with respect to the dollar.
Various other studies of PPP have been undertaken using the Taylor data.
Methodology
The well-known single equation tests for cointegration have asymptotic distributions which are not standard normal and which may depend on an unknown nuisance parameter. Pesavento (2004 Pesavento ( , 2007 evaluates the power of various cointegration tests and shows that test power is dependent on the value of a nuisance parameter, the correlation between the errors of the cointegrating relationship and the right hand side variables. In her study of residual-based tests, she finds that power is low in all tests when the nuisance parameter is large. Im, Lee, and Enders offer an intuitively appealing solution to the nuisance parameter problem by employing stationary variables as instruments in three well-known, single equation cointegration tests. With stationary instrumental variables there are no nuisance parameters and the asymptotic distributions of the test statistics are standard normal. In applying their methodology to money demand in the United Kingdom, they find that the results are robust to the choice of instrument. Using a similar IV approach 
where y it , t = 1,2, …T, i = 1,2, are I(1) processes, the d t are deterministic terms,
, and ν t is a linear combination of the normally distributed and independent errors of the original VAR. 3 The VECM derived from the original VAR reduces to a single equation if y 2t is weakly exogenous as will be assumed in the empirical work of this study. The null (of no cointegration) and alternative hypotheses are given by
Alternatively, the error correction model (ECM) can be rewritten as the autoregressive
with the same null and alternative as the ECM test where
The Engle-Granger (EG) test is a two-step procedure whereby i) y 1t is regressed on y 2t using ordinary least squares and ii) the estimated residuals are tested for a unit root as in equation (3),
where !ˆis the estimated vector of parameters from ( ) In all three tests, δ 1 has a nonstandard distribution under the null.
ILE suggest estimating the three single equation cointegration tests using the instrument w t defined as:
with m << T. A constant with or without trend may be added to each equation. ILE
show that the t statistic for δ 1 = 0 (t ECM , t ADL , or t EG ) in the equation with instruments has a standard normal distribution for a variety of specifications provided any other nonstationary variables are instrumented. Furthermore, they note that the estimated
An unresolved issue in their tests concerns the optimal selection of m. Neither theory nor their empirical work offers a resolution. In simulations they explore the use of different values of m and in an application of their methodology to money demand in the United Kingdom, they find that the results are robust to alternative values of m. In the related paper suggest selecting the value of m that minimizes the sum of the squared residuals.
Data and Empirical Results
The Taylor data set consists of annual observations on nominal exchange rates and price indexes for the twenty-three countries listed in Appendix A. The nominal exchange rate is measured as the price of a US dollar in units of the foreign currency.
For each country except Chile, Greece, and New Zealand the data span more than 100 years and end in 2007 (2006 in the case of Argentina).
Since integrated variables are necessary for a cointegrating relationship, a series of unit root tests are applied to the logged nominal exchange rate and logged price level data. Augmented Dickey-Fuller, ERS, and the KPSS [Kwiatkowski et. al. (1992) Given the unit root tests results, the dollar-denominated price levels appear to be I(1) for all countries except Greece and Portugal. Consequently, the cointegration tests are not applied to data for Greece and Portugal, leaving the bilateral exchange rate series for twenty countries with respect to the U.S. dollar in the data set. Despite the confusing results concerning the degree of integration of the price level in New Zealand, the cointegration tests for PPP are applied to data for this country, although, the findings ought to be interpreted with some caution in light of the ambiguous results from unit root tests. For convenience, all test conclusions are summarized in Table B -7.
Absolute purchasing power parity implies the coefficient restrictions α = 0, β = 1 in equation (4) but due to the use of price indices rather than actual measures of the cost of a common market basket, equation (4) with these restrictions rarely holds. But the basis of cointegration tests is that PPP implies the existence of a cointegrating relation between t f and US t p . The ECM, ADL, and EG cointegration tests for purchasing power parity, equations (1)- (3), can be rewritten as equations (5)- (7), respectively.
The expression in parentheses in equation (5) is the error, lagged one period, from the estimation of equation (4), that is, the error correction term. Again the US price level,
US t
p is assumed to be weakly exogenous.
The ADL form of the model is 6 Since the PPP relationship does not include a deterministic time trend; t is omitted from the empirical models.
where (5) and (6) as needed to address serial correlation. Finally the Engle-Granger two-step procedure involves testing for a unit root in the estimated residuals from the empirical counterpart of the PPP relation given by equation (4).
Each of the single equation empirical models given by (5)- (7) is estimated and the results compared to estimations using the instrumental variables w t where
Breusch-Godfrey Lagrange multiplier (LM) tests for serial correlation are applied to the initial estimation of the error correction model, equation (5) value of m that minimizes the SSR shows no apparent pattern; in four instances the IV with m = 6 minimizes the SSR while in 4 other cases the IV with m = 11 does so. -0.537 *significant at the 5% level. The italicized coefficient in bold font for each country is from the equation that minimizes the sum of the squared residuals among the estimations with instruments. NA-not applicable due to the number of lags in the IV estimation.
The error correction model of equation (5) can be rewritten as the autoregressive distributed lag (ADL) model of equation (6). As with the error correction model, there are indications of serial correlation in the initial estimations. The same procedure used to eliminate autocorrelation from the ECM specifications is followed. Not surprisingly,
given the derivation of the ADL form from the error correction model, the number of lags of t f ! and/or US t p ! needed to eliminate serial correlation is the same for most countries (see Table 3 ). Table 4 shows the estimated coefficient 1 ! and t-statistic on the lagged value of the country's dollar-denominated price level. Generally, the results are similar to the ECM estimations. The ten countries with significant coefficients on the error correction term in the standard specification plus Sweden also have significant coefficients in the ADL model. In the ADL versions using the instrument the 1 ! are significant for twelve countries in at least six of the nine IV specifications. Eleven of these twelve are the same as in the ECM model with instruments. Sweden is the only country for which results are distinctly different in the ECM and ADL models with instruments. In the estimations for the error correction model with instruments, there is not a single significant coefficient among the 9 different IV estimations for Sweden while in the ADL version with instruments, the instrumented variable has a significant coefficient for every value of m = 4 …12.
Again, it is disconcerting to find results dependent on the value of m. When considering just the results from the IV specification that minimizes the sum of the squared residuals, there is more support for PPP. Fourteen of the twenty countries display significant coefficients in the IV estimation that minimizes the SSR. In contrast to the ECM results the IV specifications with a large value of m tends to minimize the SSR. In seven instances m = 11 minimizes the SSR and in 4 other cases, the IV estimation with m = 12 does so. More positively, the different results when using different instruments may indicate that the IV test for cointegration has low power when a suboptimal instrument is used, at least when applied to the Taylor data. It appears that additional work is needed to establish criteria for the optimal selection of m in the ILE test.
Taken together, the ECM and ADL results suggest modest support for PPP over the sample. When using the standard specifications there is evidence of PPP for more than half the countries. When using instruments two criteria are considered for each country in evaluating the PPP evidence; i) the result from the equation that minimizes the SSR and ii) whether at least six of the (usually) nine IV estimations have significant coefficients, thus are supportive of PPP. By these two criteria, between eleven and fourteen countries display evidence of purchasing power parity. Banerjee, Dolado, and Mestre (1998) . The italicized coefficient in bold font for each country is from the equation that minimizes the sum of the squared residuals among the estimations with instruments. Table 5 displays the t-statistics for the estimated δ 1 from the second step of the Engle-Granger (EG) procedure shown in equation (7) compared to those derived from the EG approach using for the estimated residuals, As results in Table 5 show, unit root tests applied to the estimated errors residuals from equation (7) Interestingly, the Engle-Granger tests with instruments indicate strong evidence of purchasing power parity relative to the US dollar for the Netherlands, Norway, Spain, Enders (2004) . The italicized t statistic in bold font for each country is from the equation with the minimum sum of the squared residuals among the estimations with instruments. Schwarz criterion used to determine lag length.
Switzerland, and the UK. In contrast, the ECM and ADL IV estimations for these five countries reveal virtually no support for PPP.
Conclusions
The ECM and ADL model, with or without instrumental variables, and the traditional EG two-step approach provide some support for the PPP hypothesis, evidence broadly consistent with that from earlier studies using the Taylor 
